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agents (Weissleder, Radiology 272:609-614, 1999). Three approaches to site-targeted 
ultrasonic agents have been reported and these are based upon the use of liposomes 
(Alkan-Onyuksel et al., Pharm. Sci 55:486-490, 1996; Demos et al., J, Pharm. Sci. 
5(5:167-171, 1997; Demos et al., J. Am. Col. Cardiol. 35:867-875, 1999), the use of 
microbubbles (Mattrey et al, Am. J. Cardiol. 54:206-210, 1984; Unger et al., Am, J. 
Cardiol. S7:58G-61G, 1998; Villanueva et al, Circulation 98:1-5, 1998; Klibanov et al, 
Acad. Radiol. JS243-S246, 1998) or the use of nano-emulsions (Lanza et al, Circulation 
94:3334-3340, 1996; Lanza et al, J. Acoust. Soc. Am. 704:3665-3672, 1998; Lanza et al, 
Ultrasound Med. Biol 23: 863-870, 1997). Liposomes are spherical bimembrane 
vesicles produced spontaneously by phospholipids in water. Multilamellar lipid bilayers 
produced through a dehydration-rehydration process can form internal vesicles within a 
liposome and lead to increased acoustic reflectance (Alkan-Onyuksel et al., 1996 supra; 
Demos et al, 1997, supra; Demos et al., 1999, supra). In the second approach, 
microbubbles have been proposed for site-targeted modalities in addition to their 
perfusion applications. Microbubbles have been targeted towards thrombi (Unger et al., 
1998 supra; Lanza et al., Ultrasound. Med. Biol. 23: 863-870, 1997), avidin-coated petri 
dish (Klibanov et al, 1998, supra) and activated endothelial cells (Villanueva et al, 1998, 
supra). Other investigators have examined the interaction of thrombus with site targeted 
agents. In particular, Unger et al. has observed successful binding of MRX-408, a 
bubble-based contrast agent, both in vitro and in vivo (Unger et al., 1998, supra). 



On page 4, lines 12-24, please delete paragraph and substitute therefor, the paragraph 
below which has been changed with respect to the original paragraph by deleting on line 
18, the words "at increased temperature" after the words "bound substance". 



In another embodiment, the present invention comprises a method for measuring 
enhanced acoustic reflectivity of an ultrasound target. The method comprises (1) 
administering to the target, a nongaseous acoustic imaging substance which binds to the 
target and produces a change in acoustic reflectivity with a change in temperature and (2) 
changing the temperature to produce a measurable change in acoustic reflectivity of the 
nongaseous acoustic imaging substance bound to the target, and (3) detecting change in 
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acoustic reflectivity of the bound substance. Detecting the change in acoustic reflectivity, 
preferably, comprises (a) measuring reflectivity prior to changing the temperature of the 
bound substance; (b) measuring reflectivity after changing the temperature of the bound 
substance; and (c) determining the change in reflectivity after changing the temperature 
of the bound substance compared to reflectivity prior to changing the temperature of the 
bound substance. 



On page 7, line 29 through page 8, line 16, please delete paragraph and substitute 
therefor, the paragraph below which has been changed with respect to the original 
paragraph by adding on page 8, line 10, the word "of after the word "emulsions". 

The oil phase of the oil-in-water emulsion comprises, preferably, 5 to 50% and, 
more preferably 20 to 40% by weight of the emulsion. The oil or hydrophobic 
constituent exhibits an acoustic impedance that varies with changes (i.e. positively or 
negatively) in temperature, preferably, a fluorochemical liquid. These include straight, 
branched chain and cyclic perfluorocarbons, straight , branched chain and cyclic 
perfluoro tertiary amines, straight , branched chain and cyclic perfluoro ethers and 
thioethers, chlorofluorocarbons and polymeric perfluoro ethers and the like. Although up 
to 50% hydrogen-substituted compounds can be used, perhalo compounds are preferred. 
Most preferred are perfluorinated compounds. Any fluorochemical liquid, i.e. a 
substance which is a liquid at or above body temperature (e.g. 37°C) at atmospheric 
pressure, can be used to prepare a fluorochemical emulsion of the present invention. 
However, for many purposes emulsions of fluorochemicals with longer extended stability 
are preferred. In order to obtain such emulsions, fluorochemical liquids with boiling 
points above 50°C are preferred, and most preferred are fluorochemical liquids with 
boiling points above about 80°C. The guiding determinant should be that the oil, e.g. a 
fluorochemical, should be expected to remain in a liquid phase (less than 10% gas 
conversion) under the intended conditions of thermal induction and imaging. 

On page 32, lines 1-7, please delete paragraph and substitute therefor, the 
paragraph below which has been changed with respect to the original paragraph by 
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deleting on line 5, the word "is" and substituting therefor the word "are" after the word 
"fragments". 



F(ab) fragments are generated and isolated using an immunopure F(ab) 
preparation kit (Pierce, Rockford, IL). Briefly, IgG is dialyzed into 20mM 
phosphate/ lOmM EDTA buffer (pH 7.0), concentrated to 20 mg/ml and digested by 
immobilized papain. Solubilized F(ab) is purified from Fc fragments and undigested IgG 
protein using a protein A column. F(ab) fragments are purified from excess cysteine 
using a G25-150 column and deoxygenated phosphate buffer (pH 6.7). Fraction identity 
is confirmed by routine SDS-PAGE procedures. 



On page 34, lines 22-28, please delete paragraph and substitute therefor, the 
paragraph below which has been changed with respect to the original paragraph by 
deleting on line 25, the misspelling "Dehyrdated" and substituting therefor the word 
"Dehydrated". 




Avidin (50 ^g) dissolved in 0.1 M phosphate buffered saline (PBS) (pH 7.2-7.4) 
was spotted and air-dried dropwise onto the center of each membrane with a microliter 
syringe and allowed to dry. Next, each membrane was washed with three, five-minute 
changes of PBS-0.1% Tween 20. Dehyrdrated milk powder suspended in PBS-0.1% 
Tween 20 was used to block glutaraldehyde activated protein binding sites left 
unoccupied after the application of avidin for 20 minutes. Excess protein was removed 
with three, five minute isotonic, PBS washes. 



On page 38, line 17 through page 39, line 3, please delete paragraph and 
substitute therefor, the paragraph below which has been changed with respect to the 
original paragraph by deleting on page 39, line 1, the misspelling f, hyperthermetry" 
before the word "protocol" and substituting therefor the word "hyperthermometry". 



The keys to all this regimen, especially with regard to difficult to distinguish 




small tumors, are (1) the precise localization and morphologic delineation of the tumor in 
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a three-dimensional volume space and (2) noninvasive thermometry of the tissue heating 
process to ensure tumor kill and sparing of normal collateral tissues. 

The temperature-dependent ultrasound contrast agents of the present invention will 
greatly enhance the high-resolution detection, localization and mapping of tumors in two- 
dimensional or three-dimensional space, particularly when the cancer is small or the 
background in inherently acoustically reflective. This is achieved through the differential 
ultrasonic response of nanoparticle-targeted and surrounding normal tissues. In addition, 
the temperature-dependent changes in acoustic backscatter could be used an internal 
thermometry, assuring that targeted tissues are heated to appropriate levels while of other 
tissue heating is minimized. This high resolution, noninvasive thermometry may be 
constantly displayed in real-time using a scaled color map to allow the operator to 
monitor tissue temperatures and manually adjust the hyperthermetry protocol. 
Alternatively, ultrasonic beam adjustments may be automatically implemented "on-the- 
fly" by the hyperthermometry machine through self-monitoring algorithms. 



On page 41, lines 3-19, please delete paragraph and substitute therefor, the 
paragraph below which has been changed with respect to the original paragraph by 
deleting on line 17, the word "repetitive" before the word "updated" and substituting 
therefor the word "repetitively" and by deleting on line 19 after the word "optimize" the 
misspelling "tomor" and substituting therefor the word "tumor". 



The catheter for hyperthermia and ultrasound system could be used in treating 
cancer as in the following example. A patient with suspected pancreatic cancer, would be 
admitted to the hospital, and an intravenous catheter placed. Temperature-sensitive 
acoustic nanoparticles bearing a monoclonal antibody fragment directed against ot v p3 
integrin on neo vascular cells is administered at a dose of between 0.1 and 1.0 ml/kg body 
weight, preferably 0.25 to 0.5 ml/kg. The agent is allowed to circulate and saturate the 
neovascular tissue receptors for between 15 minutes and 5 hours, preferably 1 to 2 hours. 
A combinational therapeutic/imaging ultrasonic catheter is advanced and images of the 
pancreas from a transgastric/transduodenal approach are obtained. The diagnosis, 
location and extend of the pancreatic tumor is confirmed through a temperature- 
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